THE MODERN management of acute oliguric renal failure includes careful control of fluid, electrolyte, vitamin and calorie intake. Such treatment is designed to maintain the constancy of the 'milieu interieure' and prevent excess catabolism. With the advent of treatment using extracorporeal haemodialysis and peritoneal dialysis techniques the survival rate of such patients has been considerably increased.
Nevertheless, in patients with prolonged renal failure secondary to trauma, gross sepsis or surgical operation in whom a strict oliguric renal failure regime has to be maintained in addition to repeated haemodialysis, severe wasting and evidence of malnutrition have become increasingly apparent. Lawson et al. (1962) designed a diet containing 1200-1400 calories with 30-40 g firstclass proteins in about 650 ml fluid. Lawson et al. (1962) and Kille & Lawson (1963) have also shown that provision of up to 40 g first-class protein in the diet do-zs not significantly increase the daily increment of blood urea. More recently, Berlyne et al. (1966) have designed a diet for the treatment of acute renal failure containing 2000 calories, 18 g protein and minimal amounts of sodium and potassium in 500 ml fluid. Furthermore, this diet contains adequate amounts of all essential amino acids, except methionine, of which a supplement is given, and also a 3-day rotation in menu. Again, Silva et al. (1964) in the treatment of patients with hypercatabolic acute renal failure with daily haemodialysis permitted 60 g protein, 2500 calories and 1500 ml fluid in the diet. Recently, the use of high liquid glucose concentrates in the management of acute renal failure (Parsons & Fore, 1963) has helped supply more calories in a smaller volume of fluid virtually free of electrolytes but does not compensate for the absence of protein.
*Present address: University Department of Medicine, The Royal Infirmary, Manchester. However, not infrequently one has to treat patients with hypercatabolic renal failure in whom only a parenteral route for nutrition is possible. This until recently has usually meant giving hypertonic glucose or fructose solutions via a catheter into the inferior vena cava. Even so, it has been extremely difficult to give sufficient calories by this means in the fluid volumes allowed and complications such as thrombophlebitis have been common. Use of the superior vena cava (Thoren, 1964) appears to lessen the incidence of thrombophlebitis.
The use of amino acid solutions and fat emulsions seemed to be an ideal approach and a leading article in the British Medical Journal in 1961 commented upon the latter 'that fat emulsions offer a compact and reasonably safe source of calories for intravenous administration'. Shuttleworth (1963) considered that intravenous fat therapy would be a valuable addition to the management of difficult post-operative problems but that more clinical evaluation was required. Their usefulness in many clinical situations have now been shown (Schuberth & Wretlind, 1961; Schuberth, 1964; Freuchen & Ostergaard, 1964; Wretlind, 1964; Lawson, 1965; Sherwood Jones & Peaston, 1966) . There have been reservations about the use of parenteral nutrition in the management of acute renal failure and Schuberth (1964) gave the latter as a contra-indication to its use. Birke (1964) (1963) and Lawson (1965) suggested respectively that fat emulsions should not be given less than 48 and 6 hr prior to haemodialysis. There have been few reports on the specific application of parenteral nutrition to the management of acute renal failure (Alwall, 1964; Lee & Shortle, 1965; Lee & Sharpstone, 1965) .
We report here our experiences with fat emulsions and amino acid solutions in the treatment of patients with acute and chronic renal failure. The nutritional solutions uised were amino acid mixtures (100O 'aminosol'; aminosol-fructose-ethanol) and 10% and 20%o soya bean oil emulsions ('Intralipid').
Results
The number and range of clinical states in which we have used complete parenteral nutrition are shown in Liver function has been studied in ten patients receiving complete parenteral nutrition for periods varying from 6 to 23 days. Serum bilirubin, serum transaminases, alkaline phosphatase and flocculation tests were all recorded prior to and serially after starting parenteral nutrition. In only one patient was there a significant change in any of these parameters measured, where the serum glutamic pyruvate transaminase rose from 13 to 47 units after 6 days.
The question of whether infusions of fat emulsions during the management of renal failure might interfere with haemodialysis, if it was re- Biuret reaction. Again, occasional specimens taken during intravenous amino acid administration gave rise to turbidity in the diazo reaction for bilirubin. The presence of fat emulsion interferes with the colorimetric estimation of haemoglobin. The only clinical difficulty, which was rarely encountered, was thrombophlebitis following administration of aminosol. This was usually then avoided by either running in aminosol and fat emulsions simultaneously through larger veins, or infusing the aminosol alone faster or changing the infusion site daily.
Case R.J.
Illustrative cases
An 18-year-old girl was admitted to another hospital with acute abdominal pain. At laparotomy on 30 December 1964 a perforated appendix and peritonitis were found; an appendicectomy was done. She was not able to take anything orally and by 6 January 1965 had developed paralytic ileus. She was managed by intravenous infusions and intestinal aspiration. Although her blood urea rose she did not become oliguric. She became very toxic, acidotic, uraemic and hypokalaemic. When transferred to us on 12 January 1965 she was cachectic and there was dehiscence of the lower part of the abdominal wound. She required haemodialysis and her serum biochemical values were restored to normal. It can be seen from Fig This 38-year-old male was referred from another hospital with acute oliguric renal failure secondary to major trauma following a 70 ft fall. His main injuries were fractured femur, fractured pelvis, fractured radius, ruptured liver and torn perineum. He was markedly hypercatabolic with a mean daily increment in blood urea of 92 mg / 100 ml. Oral feeding was precluded by the early onset of paralytic ileus. With frequent haemodialyses every 48 hr, a mean volume of 2500 ml was ultrafiltered per dialysis allowing for adequate parenteral nutrition (see Fig. 3 and Table 7 ). defect using a cardiopulmonary bypass. During the operation the blood pressure was satisfactorily maintained throughout but a severe degree of haemoglobinaemia developed. Immediately following operation she became oliguric with an associated rapid rise in blood urea. There was also a severe anaemia as a result of the haemolytic process. The child became very ill, extremely anorexic and nauseated. She would not tolerate a gastric tube and thus parenteral feeding was the only means for maintaining nutrition. She required haemodialysis on three occasions during which she was transfused with blood and deliberately dehydrated to allow volume space for parenteral nutrition (see Fig. 4 ). She made a rapid, uneventful recovery and required but a short convalescent period.
Discussion
In many clinical situations such as severe burns, sepsis or trauma there is a high rate of endogenous protein breakdown which can rapidly lead to a negative nitrogen balance and marked wasting (Macullum, 1910; Cuthbertson, 1960; Lawson, 1965) . Such a negative nitrogen balance can in turn lead to reduced serum protein levels (Sachar, Horwitz & Elman, 1942) , accelerated rate of rise of blood urea, rapid weight loss (Sachar et al., 1942) , impaired wound healing (Hartzell, Winfield & Irwin, 1941 ) and a poor resistance to infection (Sako, 1942) . Many of these complications can be avoided by a high calorie and adequate nitrogen intake (Abbott et al., 1957; Parsons & Fore, 1963; Hadfield, 1965a; Lawson, 1965) .
Such patients are often unable to take an adequate oral diet on account of anorexia, vomiting or ileus and nutrition must be provided partially or completely by the intravenous route; attention was brought to this by a leading article in the British Medical Journal in 1961. Particular problems of parenteral nutrition are met in the management of acute oliguric renal failure. It is well known that proteins are a poor source of calories and further that deamination processes during protein metabolism result in a rise of blood urea which is particularly undesirable in patients who have impaired renal function. Alternatively fat emulsions provide a valuable small-volume source of calories and are a useful adjunct in the management of renal failure. That such intravenously administered fat is rapidly catabolized has been shown by the balance studies of Abbott et al. (1957) and "CO2 elimination after giving "IC labelled fat (Geyer, Chipman & Stare, 1948) .
Furthermore, it is important to appreciate that with parenteral nutrition the aim is not merely to provide calories but rather a balanced 'diet' containing all the essential constituents of a normal one (Lee & Shortle, 1965) . This would include the minimal daily requirements of all the essential amino acids (Rose & Wixom, 1957) , an optimum balance of about 200 calories/g nitrogen for maximum protein sparing and re-synthesis (Calloway & Spector, 1954; Abbott et al., 1957) , approximately 10% of the total caloric intake as carbohydrate and a minimal daily calorie intake (Hegsted, 1964) . Since glucose intolerance is a feature of renal failure (Westervelt & Schreiner, 1962) , whilst there is a normal fructose tolerance (Kennedy et al., 1964) it is expedient to use fructose as the carbohydrate source. Many renalfailure patients are also post-operative, when decreased glucose utilization is known to occur (Hayes & Brandt, 1952 ). Not only is there an optimum ratio to be achieved between calories and nitrogen supplied but it has also been shown that the maximum effect toward restoring a positive nitrogen balance is obtained by giving calories and nitrogen simultaneously (McNair, O'Donnell & Quigley, 1954; Lawson, 1965) . In addition adequate electrolytes and vitamins must be supplied. By combination of the intravenous preparations described in this paper it is possible to design a parenteral regime to meet all requirements (see 'Appendix').
The complete absence of side-effects in patients treated over several weeks with continuous parenterat nutrition has been a most encouraging group.bmj.com on April 20, 2017 -Published by http://pmj.bmj.com/ Downloaded from feature. The noticeable well-being of patients on such therapy (Rausch, 1948) with the absence of features such as nausea, vomiting, lethargy and weight-loss contrasts markedly with patients treated along the lines of former regimes who rapidly become enfeebled and cachectic (Lee & Shortle, 1965; Kennedy et al., 1963) . However, Lawson (1965) found little evidence of subjective improvement in his series but suggested that bodily discomforts following surgical procedures overshadowed the clinical picture. Our studies do not permit of a comparison to be made of survival rates with and without parenteral nutrition. However, in this series no patient died as a result of malnutrition which is quite different from our experience in similar cases treated prior to the introduction of parenteral nutrition. We feel that cases such as R.J. and M.W. would not have survived or progressed so well without the use of parenteral nutrition.
The nitrogen loss in post-operative states (Brunschwig, Clark & Corbin, 1942) is not related so much to the nature of the disease but more to the length of time for which the patient has been without food. Obviously, if the patient's general condition is good and his nutritional state normal it is of little importance if the patient is without sustenance for a day or two. However, in any disease state it is often impossible to predict the duration of starvation and active measures to forestall a decrease in body protein with its attendant symptoms and complications should be instituted. By such means not only is the mortality rate reduced (Krishnan, Narayanan & Sankaran, 1944; Varco, 1946) but also the morbidity rate. If the loss of body weight is greater than 30% the chance of survival is very poor (Lawson, 1965) . Bohmansson (1944) showed that the incidence of complications is higher and the convalescent period longer in undernourished surgical patients than in those adequately nourished. Earlier suggestions that fat emulsions interfere with membrane permeabilities of artificial kidneys (Kille & Lawson, 1963) and that the use of such emulsions prior to haemodialysis should be restricted (Sherwood Jones et al., 1963; Lawson, 1965) are not supported by our findings. No significant changes in clearances studied were found and particular advantage of this point should be taken in the management of hypercatabolic renal failure where frequent dialysis and parenteral nutrition are required. There appears to be a slower rate of elimination of infused fat emulsion in uraemic states which does not increase following heparin administration (Lawson, 1965) as in normal subjects (Becker, Rall & Grossman, 1955) . However, this finding cannot be considered a contra-indication to the use of intravenous fat in this situation.
Many of the disadvantages seen with the earlier cotton seed oil emulsions such as acute allergic responses and long-term effects such as the 'overloading syndrome ' (Shuttleworth, 1963; Wretlind 1964; Schuberth, 1964) have not been met with in our patients using soya bean oil emulsion. Reports on prolonged use of fairly high dosage intravenous soya bean oil emulsion are few (Lawson, 1965; Hadfield, 1965b) . Lawson (1965) used soya bean oil emulsion at a dose of almost 3 g/kg/body weight/day for periods varying from 8 to 36 days. He found no significant change in BSP clearances, serum bilirubin or serum transaminases (SGOT) levels. In two cases from which he obtained liver biopsies on days 30 and 36 the only change seen was heavy pigmentation of the Kupffer cells. Our findings in respect of liver function have been similar. The fluctuations in serum bilirubin seen in case M.W. were attributed to the patient's infection (Eley, Hargreaves & Lambert, 1965) and not to the fat infusions. Hadfield (1965b) has used soya bean oil emulsion in a dosage of up to 12 g/kg body weight/day in the treatment of a case of fulminating ulcerative colitis without side effects. Likewise, we have been impressed by the absence of side effects when using moderately high doses (3-5 g/kg body weight) in renal failure patients.
Many of our patients so treated have been examples of acute hypercatabolic renal failure with paralytic ileus. Until recent times, the question of daily fluid volume requirements seriously hampered the application of parenteral nutrition to this type of case. However, daily peritoneal dialysis (Pringle & Smith, 1965) or haemodialysis (Silva et al., 1964) or at least frequent haemodialysis, allows removal of sufficient body fluid so that parenteral nutrition provides no problem from a pure volume standpoint. This is equally applicable to paediatric practice where parenteral nutrition often affords a valuable addition to therapeutic management (Chaptal et al., 1964) . Again, the electrolyte contents of some amino acid solutions do not prove a problem and electrolyte stability is maintained by frequent dialysis and appropriate composition of the dialysing fluid. Normally, the electrolyte contents of these parenteral solutions are considered part of the daily replacement regime and the chief cation under consideration is sodium. All contain but negligible amounts of potassium, indeed it often needs to be added. The solutions used here did not have any effect upon the acid-base balance of our patients (Wretlind, 1948) . 88 H. A. Lee, P. Sharpstone and A. C. Ames In this study, there were two reasons for not attempting to measure nitrogen balance. Firstly, there is a large literature on the ability of amino acid solutions to reduce the degree of negative balance or maintain positive nitrogen balance (Lidstrom & Wretlind, 1951; Elman, 1947;  Abbott & Albertsein, 1963; Larsen & Brockner, 1965) , and secondly, that many of our patients were hypercatabolic. In addition many patients had infections for varying periods, variable pyrexias, anaemia and metabolic acidosis as part of their uraemic picture. In such patients, various factors influencing nitrogen balance come into play at varying times but tending to decrease with time, such as tissue destruction, wound healing, hormone responses to stress, involuting uterus and absorption of large amounts of extravasated blood. Thus for many of the same reasons it has not been possible in the majority of cases to compare the daily rate of blood urea rise, but in those cases where it has, parenteral nutrition (nitrogen) has not accelerated urea production. However, cautious interpretation of daily blood urea increments is required for the reduction in protein breakdown with time is not necessarily dependent on the diet used (Maher & Schreiner, 1961 .
Further it is important to realize that even forced feeding of patients during the postoperative catabolic phase will not completely abolish the negative nitrogen balance. The extent of the negative nitrogen balance can be considerably reduced by provision of adequate calories and amino acid nitrogen (Wadstrom & Wiklund, 1964; Lawson, 1965; Johnston, 1965) . Some workers (Moore & Ball, 1952) (Larsen & Brockner, 1965) . '5N-labelled glycine given post-operatively can be detected in the framework of tissue protein very quickly (Johnston, 1965) . Thus, on balance, even if all the nitrogen supplied in the immediate postoperative period is not utilized, nevertheless the degree of negative nitrogen balance is very much reduced (Freuchen & Ostergaard, 1964; Lawson, 1965) and this can only be of benefit to the patient.
A particularly important aspect of nitrogen balance in renal failure presents in those patients being treated by peritoneal dialysis. Here, considerable protein losses occur (Boen et al., 1962; Berlyne et al., 1964) with a fall in plasma albumin which is repleted only very slowly (Berlyne et al., 1964) . Current studies (Berlyne & Lee, 1966) show that considerable quantities of amino acids (including all the essential ones) appear in the peritoneal dialysate. Since the amino acid pool is only of the order of 1-3 g, with a half-life time of about 1 hr, considerable leaching out of amino acids occurs and their replacement is essential. In patients not able to feed normally, parenteral nutrition achieves this aim but the replacement therapy should be given at the end of the procedure or between peritoneal dialyses rather than during the dialysis when the infused amino acids may be leached out rapidly.
In an attempt to meet the anuric patient's protein requirement Alwall (1964) recommends giving intravenous aminosol during haemodialysis in an attempt to replete the tissues with amino acids and protein and ultrafiltrating the excess fluid. However, the low molecular weight of the amino acids makes it extremely likely that most of them will diffuse out into the dialysate and, again, it would seem advantageous to dehydrate the patient first and supply the amino acids intravenously after the procedure. The fat emulsions, as previously indicated, can be safely given during dialysis.
Blagg, Parsons & Young (1963) studied the effect of giving glucose and protein in the dietary management of acute renal failure. They found that protein of high biological value did not appear to increase the rate of urea production but they used suboptimal caloric intakes incapable of supplying basal metabolic requirements. Likewise studies by Lawson et al. (1962) (Giordano, 1963 (Shaw et al., 1965) .
The daily caloric requirements for man have been calculated (Hegsted, 1964) (Munro, 1964) .
Whilst there may not be complete agreement as to the precise daily requirement of the various dietary constituents in acute disease states, nevertheless modern parenteral nutrition allows a good attempt of achieving a near ideal. Furthermore, such regimes can be maintained over prolonged periods without risk to the patient. Although this paper deals primarily with parenteral nutrition in the management of renal failure, the principles outlined here can be applied to any clinical situation.
Summary
The application of parenteral nutrition to the management of renal failure has been studied. The The amino acid solutions used were mixtures derived from a dialysed, enzymatic casein hydrolysate and thus contained all essential amino acids. The amino acid mixtures contain about two-thirds free amino acids of which nearly 40% are essential, and one-third low molecular weight dialysable peptides. The 
